Objective: To evaluate relationships among obesity in pregnancy and plasma levels of tryptophan (TRP) and kynurenine (KYN), inflammatory markers, and depressed mood. Methods: Pregnant women (N ¼ 374) were enrolled, and data were collected at a mean gestation of 20 weeks in this cross-sectional study. Plasma was analyzed for TRP, KYN, neopterin, and nitrite levels. Women completed demographic and mood scales. Results: There was a statistically significant inverse correlation between body mass index (BMI) and TRP and positive correlations between BMI and KYN and the kynurenine/tryptophan (KYN/TRP) ratio. Neopterin was correlated with KYN/TRP, suggesting that the indoleamine 2,3-dioxygenase-1 (IDO-1) enzyme was activated. The correlations of neopterin and nitrite with BMI were too small to be clinically meaningful but may provide mechanistic insight. There was a correlation between depressed mood and nitrite levels. Depressed mood was also associated with lower TRP levels. When the sample was divided into pregnant women with or without obesity, TRP was significantly lower and the KYN/TRP ratio was significantly higher in the women with obesity. Conclusion: The pro-inflammatory state of obesity in pregnancy may drive activation of IDO-1, resulting in diversion of TRP away from serotonin and melatonin production and toward KYN metabolites. This alteration could contribute to depression, impaired sleep, increased production of excitotoxic neurotransmitters, and reinforcement of a pro-inflammatory state in pregnancy.
Obesity during pregnancy is a well-known risk factor for multiple maternal and fetal complications. Metabolic, neuroendocrine, microbiome, and immune pathways are thought to be affected by obesity during pregnancy. Defining obesity during pregnancy is somewhat problematic, but one guideline is a body mass index (BMI) of 30 kg/m 2 or greater at the start of pregnancy. Approximately 18% of women in the United States exceed this limit (Chu, Callaghan, Bish, & D'Angelo, 2009) . Recommendations are that women at or above this BMI gain no more than 7 kg during their entire pregnancy (Davies et al., 2010) . The greatest risk for obesity in pregnancy is the presence of prepregnancy obesity.
One effect of obesity, both in general and in pregnancy, is a chronic inflammatory state. An inflammatory in utero environment in obese mothers contributes to adverse pregnancy outcomes such as gestational diabetes, hypertension, preeclampsia, and complications during labor (Rowlands, Graves, de Jersey, McIntyre, & Callaway, 2010) . In addition, the offspring of obese mothers are more likely to be obese and to have metabolic syndrome, neural tube defects, and cognitive deficits (van der Burg et al., 2016) . In fact, overweight as well as obesity is found to increase risk for neurodevelopmental deficits in the offspring. Fetal over nutrition may occur in obese women and may be associated with inflammatory signaling in both mother and fetus (Lawlor, 2013) . Researchers have found high levels of pro-inflammatory cytokines , monocyte chemoattractant protein 1, interferon-g [IFN-g] , and tumor necrosis factor-a [TNF-a]) in placental tissue and serum in association with obesity in pregnancy in humans and rodents (Madan et al., 2009; Roberts et al., 2011) . Others have noted that activation of p-38-MAP Kinase (MAPK) and Signal transducer and activator of transcription 3 (STAT3) pro-inflammatory pathways were elevated in obesity (van der Burg et al., 2016) .
Of course, obesity is not the only cause of inflammation during pregnancy. Infectious diseases, stress, micronutrient deficiencies, low socioeconomic status, and even paternal factors may also play a role (van der Burg et al., 2016) . While maternal obesity may affect the fetus through inflammationmediated pathophysiological mechanisms, other pathways are potentially important as well, including the maternal gut microbiome (Soderborg, Borengasser, Barbour, & Friedman, 2016) , direct excitotoxic and oxidative stress effects (Kaindl, Favrais, & Gressens, 2009) , or circulatory and coagulation effects on the fetal brain (Leviton & Dammann, 2004) .
The tryptophan (TRP) catabolite pathway is one important biochemical pathway that is affected by inflammation but that researchers have not yet explored extensively in studies of obesity in pregnancy. TRP is an essential amino acid that, when not used in protein synthesis, is catalyzed by several enzymes, including hydrolases and dioxygenases. The latter includes tryptophan 2,3-dioxygenase (TDO) and indoleamine 2,3-dioxygenase-1 and -2 (IDO-1 and IDO-2). TDO, the most prevalent of the dioxygenases under healthy conditions, is mainly found in the liver and is stimulated by cortisol (Mangge et al., 2014) . IDO-1 is produced by macrophages and dendritic cells and in high amounts by the placenta (Yamazaki, Kuroiwa, Takikawa, & Kido, 1985) . The major activator of IDO-1 is IFN-g, but other inflammogens such as IL-6, TNF-a, lipopolysaccharides, and oxidative stress can also activate IDO-1. This activation results in the diversion of TRP into the kynurenine (KYN) pathway and away from serotonin and melatonin production (Maes, Leonard, Myint, Kubera, & Verkerk, 2011) and is associated with an increased ratio of KYN to TRP and with neopterin production (Neurauter et al., 2008) . Neopterin is a biomarker of T helper-1 immune and inflammatory responses, as it is released from IFN-g -stimulated macrophages (Jones et al., 2015) . The kynurenine/tryptophan (KYN/TRP) ratio is a proxy measure of IDO activation (Darcy et al., 2011) , and a correlation between neopterin and the KYN/TRP ratio further suggests IDO-1 activation (Murr, Widner, Wirleitner, & Fuchs, 2002) . KYN is an intermediate molecule. Its downstream catabolites kynurenic acid (KA) and quinolinic acid (QA) can have diverse pathophysiological excitotoxic, oxidative, and inflammatory effects as well as immunoregulating effects (Pérez-De La Cruz, Königsberg, & Santamaría, 2007) . Figure 1 depicts the multiple interactions among the pathways and metabolites that are affected by inflammation. Inflammation acts on the IDO-1 enzyme to generate the KYN catabolites as well as on the guanosine triphosphate (GTP) cyclohydrolase enzyme to generate neopterin from GTP. The accumulation of neopterin decreases the availability of tetrahydrobiopterin (BH4), a cofactor for amino acid hydrolases. If these enzymes are less active due to decreased BH4, decreased production of the neurotransmitters serotonin, melatonin, and dopamine results and inhibition of nitric acid synthase (NOS), which generates nitric oxide (NO), occurs. If IDO-1 is activated, KYN metabolites can increase NOS but decreased formation of BH4 opposes this action, and the result is a shift from NO synthesis to superoxide anion production (G. F. Oxenkrug, 2011) . In either case, damaging free-radical stress may result.
Individuals with obesity have lower levels of TRP and an increased KYN/TRP ratio in adipose tissue, indicating IDO-1 activation (Favennec et al., 2015; Wolowczuk et al., 2012) . IDO-1 activity mostly takes place in immune cells. However, in pregnancy, a major additional large source of IDO-1 is the placenta (Davies et al., 2010; Yamazaki et al., 1985) . The placental form of IDO-1 may prevent TRP from serving as a protein synthesis substrate in immune cells, particularly T lymphocytes (Munn et al., 1998) . Authors have posited that this function represents an important adaptive mechanism that protects the fetal allograft from attack by cytotoxic T cells (Mellor & Munn, 1999) . Newer evidence suggests that IDO-1 is also involved in trophoblast proliferation and migration (Zong et al., 2016) . The action of KYN metabolites can suppress allogeneic T cells, a mechanism that may be active in pregnancy. KYN may participate in the generation of T regulatory cells, which play a major role in maternal-fetal tolerance (Mezrich et al., 2010) . Researchers have observed decreasing TRP and increasing KYN/TRP ratios (an index of TRP degradation and IDO-1 activity) across pregnancy, along with evidence of a role for inflammation in these effects (K. Schröcksnadel et al., 2003) . However, the interrelationships among obesity in pregnancy, inflammation, and TRP biochemistry have not been studied.
We had the opportunity to study these relationships in data collected for a larger parent study. We hypothesized that there would be associations among obesity, inflammatory markers, and TRP catabolites in pregnant women. We also explored whether maternal depressive mood might be related to these catabolites and inflammatory markers due to the potential effects of IDO-1 activation on neurotransmitters. A new hypothesis about the development of depression in relation to inflammatory states suggests that serotonin reduction leading to depression is an outcome of IDO-1 activation (Chaves Filho et al., 2018) In an earlier study in which Postolache, a coauthor of the present article, participated, researchers reported relationships between prenatal depression and lower TRP levels and higher C-reactive protein levels (Scrandis et al., 2008) . Other studies have also shown a relationship between prenatal depression and lower TRP levels (Field et al., 2008; Kiryanova, Meunier, Vecchiarelli, Hill, & Dyck, 2016) , so we felt this relationship was worth exploring in the secondary data since a mood measure was available.
The purpose of the present study, therefore, was to describe relationships among TRP/KYN as a proxy for IDO-1 activation, neopterin and nitrite as proxies for inflammation, and BMI and depressed mood in healthy pregnant women in the early second trimester.
Method
The present study was cross-sectional in nature and was a secondary analysis of data collected in a parent study of the relationships between postpartum thyroiditis and immunity and mood (M. Groer & Jevitt, 2014; M. E. Groer, Jevitt, & Ji, 2015; ).
Sample
Pregnant women were recruited from several prenatal practice sites in Tampa, FL, during the early second trimester. Measures taken included plasma levels of thyroid peroxidase (TPO) autoantibodies and a panel of immune and metabolic markers. Exclusion criteria for entry into the study were the following: drug/ alcohol abuse, autoimmune disease, previous thyroid disease, medications that could affect immune function, BMI < 18 kg/ m 2 , in vitro fertilization for current pregnancy, and twinning. All women received a US$10 stipend for participating in the parent study. The majority of women did not have these autoantibodies (the healthy control group), and these were the participants whom we included in the current substudy. Participants signed informed consent forms, and the university institutional review board approved both the parent study and this substudy.
Measures
Descriptive data. Demographic data were obtained using an investigator-developed instrument and from the medical record. BMIs were calculated from the prepregnancy weight and the 16-to 20-week prenatal visit weight recorded on the office scale along with patient-reported heights. Women were classified based on their prepregnancy BMI as normal weight (BMI of 25 kg/m 2 or less), overweight (BMI range of 25.1-29.9 kg/m 2 ), or obese (BMI of 30 kg/m 2 or higher).
Depressed mood. At their study visit, women were administered the Profile of Mood States (POMS) instrument, which has a depression/dejection subscale (POMS-D) that we used in the present analysis (McNair, Lorr, & Droppleman, 1992) . The POMS provides a multidimensional assessment of mood to measure how the respondent has felt over the previous week. It has not been used extensively with pregnant women. POMS Figure 1 . Inflammation affects multiple pathways. Serotonin can be enzymatically activated by tryptophan hydroxylase to form 5-hydroxytryptophan,N-methyl-D-aspartate which is then converted into serotonin BH4, a cofactor for this and other amino acid hydoxylases (phenylalanine, tyrosine), has GTP as its source through the GTP cyclohydrolase enzymatic reaction. These amino acids are substrates for the formation of dopamine, melatonin, and other catecholamines. In the other pathway, tryptophan is enzymatically catabolized to kynurenine, which forms kynurenic acid and then QA. QA is able to bind to the receptors, thus acquiring neurotransmitter properties. The enzymes TDO and IDO catalyze this reaction, but TDO is largely active only in the liver, while IDO reactivity is immune cell bound. These reactions occur in macrophages and other immune cells, so this interaction of amino acid substrates and immune cells is of note. Of particular importance is the role of the inflammatory cytokines IFN-g and TNFa, which stimulate BH4 production and IDO activation. þþþ ¼ pathways affected by inflammation; BH4 ¼ tetrahydrobiopterin; GTP ¼ guanosine triphosphate; GTPCH ¼ guanosine triphosphate cyclohydrolase; IDO ¼ indoleamine 2,3-dioxygenase; IFN-g ¼ interferon-g; PHA ¼ phenylalanine hydrolase; ThH ¼ tyrosine hydrolase; TNF-a ¼ tumor necrosis factor-a; TPH ¼ tryptophan hydrolase; QA ¼ quinolinic acid.
scores have good internal consistency, .87 to .92, and testretest reliabilities ranging from .65 to .74 in adult populations (Cruess et al., 2000) . The POMS-D subscale uses a Likert-type scale of 0-4 for each of 15 items and has a range of 0-60, with higher scores indicating more depressed mood. While not diagnostic, it is a screening tool that can be used for referral. Participants with a POMS-D score over 20 were referred to health-care providers for further evaluation of depression.
Plasma measures. The blood sample was collected in heparinized tubes by venipuncture in the morning hours and brought to the laboratory within 3 hr of collection for processing. The whole blood was centrifuged at 10,000 Â g at 4 C for 20 min, and the plasma was aliquotted into sterile Eppendorf tubes. Plasma aliquots were sent to Dr. Fuch's laboratory in Innsbruck, Austria, where they were analyzed for TRP (mmol/L) and KYN (mmol/L) by high-performance liquid chromatography (HPLC). The KYN/TRP ratio was calculated (expressed as micromole KYN/millimole TRP). TRP and KYN analyses were performed using HPLC on reversed phase. Serum samples were diluted with potassium phosphate buffer containing L-nitro-tyrosine as an internal standard and were deproteinized with trichloroacetic acid. After injection of 100 μl of trichloroacetic acid, separation was performed on a reversed-phase C18 column (LiChroCART1, Merck/Millipore Sigma, Darmstadt, Germany) using sodium acetate buffer (15 mmol/L, pH 4.0) with 3% acetonitrile and a flow rate of 0.9 ml/min at a temperature of 25 C and a Varian ProStar liquid chromatography system with autosampler Model 400 (Varian, Palo Alto, CA). KYN was monitored by its ultraviolet light-absorption at 360 nm (UV-detector SPD-6A, Shimadzu, Japan) and TRP by detection of its natural fluorescence at 285 nm excitation and 365 nm emission wavelengths (ProStar fluorescence-detector Model 360, Varian). Peaks were identified by comparing peak retention time to an albumin-based calibrator containing 10 μmol/L L-KYN and 100 μmol/L L-TRP prepared like plasma samples. To estimate IDO-1 activity, KYN/TRP was calculated. Neopterin was measured by enzyme linked immunoassay (BRAHMS, Hennigsdorf, Germany) according to the manufacturer's instructions, with a detection limit of 2 nmol/L. Nitrite level was determined by the Griess method (Giustarini, Dalle-Donne, Colombo, Milzani, & Rossi, 2004) .
Statistics and Power
The data were examined for normality and transformed by natural logarithm, if necessary. Descriptive statistics were calculated and Pearson correlations were performed on all variables except for nitrite and neopterin levels, which could not be transformed to normality. On these variables, we calculated Kendall-Tau correlations.
For the equal variance t test using TRP levels, the sample sizes of the groups (243 women without obesity [120 of normal weight and 123 who were overweight] and 131 women with obesity) provided 90% power to reject the null hypothesis of equal means between the groups with a mean difference of 5 points and a standard deviation of 15.
Results

Demographics
Participants for this substudy comprised 374 pregnant women from the parent study who were TPO-negative and had complete data. The mean week of pregnancy was 19.8 + 2.8 (range ¼ 15.2-25.6) and the mean age was 27.9 + 5 years. The racial/ ethnic distribution was 45.6% Caucasian, 23.2% African American, 7.5% other races, with 23.7% declaring themselves to be of Hispanic origin. The majority of the women had a high school (38.5%) or college (41.9%) education. Incomes ranged from less than US$25,000/year (16%) to over US$70,000/year (40%). Most of the participants were married (71%). Nearly half (47.2%) were primiparous. The mean score on the POMS-D scale was 5.52 + 7.9, with a range of 0-49. We used a score of 20 as a cutoff for referral to a health-care provider for further assessment for depression, and 23 women met this criterion.
BMI
The mean prepregnancy BMI for the entire sample was 27.5 + 12 kg/m 2 and the mean BMI at the prenatal visit was 28.9 + 6.5 kg/m 2 . Of the entire sample, 25% (n ¼ 92) had a prepregnancy BMI in the obesity range (!30 kg/m 2 ; mean BMI of 36.8 + 5.7) and 28% (n ¼ 104) were overweight (BMI of 24.9 to < 30 kg/m 2 ; mean BMI of 27.1 + 1.3 kg/ m 2 ). The women who entered pregnancy with BMIs in the obese range had a mean pregnancy BMI of 36.1 + 5.46 kg/ m 2 , with a range of 36.1-60 kg/m 2 , while women who were not obese prior to pregnancy had a mean pregnancy BMI of 26.1 + 3.4 kg/m 2 , with a range of 18.9-29.9 kg/m 2 . Those who entered pregnancy with BMIs in the obese range had gained a mean weight of 11.1 lbs, with a range of À20 to 54 lbs, by early second trimester. Of the 104 women (38%) who were in the overweight range at prepregnancy, 39 had a BMI of 30 kg/m 2 or higher by 20 weeks of pregnancy. None of the women who had a BMI in the normal weight range at prepregnancy had a BMI in the obese range at the pregnancy measurement point, with a mean weight gain in this group of 10.8 lbs and a range of À19 to 34 lbs.
Metabolites
Mean levels of TRP were 62.6 + 15.2 mmol/L, KYN 1.9 + .75 mmol/L, neopterin 5.9 + 2.0 nmol/L, and nitrite 19.3 + 13.9 mmol/L. The mean KYN/TRP ratio was 31.2 + 11.7. We analyzed data in two ways: first, we analyzed pregnancy BMI and metabolites in only those women who entered pregnancy at BMI of 30 kg/m 2 or higher, and second, we analyzed these variables for all women who had a BMI of 30 kg/m 2 or higher at the pregnancy measurement, which included an additional 39 women who all were overweight at prepregnancy (!25 kg/m 2 ) and had gained sufficient weight to move into the obesity category during pregnancy. These two approaches did not result in different statistical results, so we report the latter analyses, which included 131 women with BMIs of 30 kg/m 2 or higher at the measurement time of 20 weeks' gestation. Table 1 provides the correlations (r values) between pregnancy BMI and the metabolites. African American women had a higher mean pregnancy BMI (31 kg/m 2 ) than Caucasian women (28.5 kg/m 2 ; t ¼ 2.6, p ¼ .01). They also had lower TRP levels (t ¼ 2.7, p ¼ .07), but none of the other biomarkers differed by race. Therefore, we calculated a partial correlation for the BMI and TRP relationship, controlling for race. We conducted Pearson correlations for all variables except for nitrite levels and neopterin, as these could not be transformed adequately. For these latter variables, we used the Kendall-Tau nonparametric correlation.
In order to discern whether these correlations were actually related to obesity (BMI > 30 kg/m 2 ), we conducted an independent samples t test to compare TRP, KYN, and the KYN/ TRP ratio for those women whose BMIs were below (n ¼ 43) and above (n ¼ 131) 30 kg/m 2 at 20 weeks' gestation (Table  2) . TRP and the KYN/TRP ratio differed significantly by group, as did nitrite levels, which were significantly higher in women with obesity. Neopterin levels were not statistically higher (p ¼ .07) in women with obesity compared to women without.
TRP was significantly lower in women with POMS-D scores >20 (mean TRP level ¼ 56.8 mmol/L) compared to women with lower POMS-D scores (mean TRP level ¼ 63.2 mmol/L; t ¼ À2.5, df ¼ 381, p ¼ .017). POMS-D scores were not correlated with any of the other metabolites except for nitrite levels (r ¼ .10, p ¼ .04).
Discussion
The enzymatic conversion of TRP to KYN is normally carried out by hepatic TDO. The IDO-1 pathway becomes important in pregnancy through high expression of placental IDO-1 and in immune-related conditions such as chronic inflammation or infections (Badawy, 2015) . Obesity in pregnancy is an inflammatory condition in which this latter pathway could become influential. The induction of IDO-1 by IFN-g in inflammatory conditions including pregnancy ranges from 20-to 4,000-fold above normal, so TRP metabolism is largely regulated by IDO-1 in these situations (Yamazaki et al., 1985) .
The findings of the present study support the hypothesis that TRP depletion and activation of IDO-1 is greater in pregnant women with obesity compared to those with BMIs lower than 30 kg/m 2 . This difference may be driven by the inflammatory state associated with obesity (Gregor & Hotamisligil, 2011 ). Although we did not measure IDO-1 activation directly in the present study, the KYN/TRP ratio and the correlation of neopterin with both this ratio and KYN levels are indicators of activation. Previous research has reported correlations of KYN and KYN/TRP with neopterin in patients with diabetes (Oxenkrug, Ratner, and Summergrad, 2013) as well as many other clinical conditions such as systemic lupus erythematosus, HIV-1 infection, and colorectal cancer (Schrö cksnadel, Wirleitner, Winkler, & Fuchs, 2006) . In a recent study, researchers found that both neopterin and the KYN/TRP ratio at 18 weeks of pregnancy were associated with prepregnancy BMI (BjorkeMonsen et al., 2016) , which supports the current study findings. Nevertheless, contributions of TDO activity may have been important along with IDO-1 activation in the present study, as we did not observe statistically significant elevations in levels of plasma neopterin or KYN. KYN is, however, an intermediate metabolite, and measurement of downstream metabolites would be needed to fully support our hypotheses.
Nitrite levels were slightly, but significantly, higher in women with obesity in the present study. One might expect these levels to be lower since activation of IDO-1 is associated with a reduction in BH4, which is a required cofactor for the NOS enzyme, which generates NO and is the source of nitrite. In a recent report relying on a small sample of pregnant women, researchers found that nitrite levels did not differ between overweight and normal weight women (Hernandez-Trejo et al., 2017) . The nitrite difference we observed could potentially be related to factors other than inflammation or NOS, such as diet or renal function. Nitric acid is a free radical that antioxidants protect against, and its elevation may indicate inadequate antioxidant status. If excessive nitrite production is present, it may signal nitrosative stress, which results in damaging free radical production. We also found that women with obesity in the present study had higher, but not significantly so, neopterin levels. These findings suggest that future studies should include an array of inflammatory markers. In normal pregnancies, placental IDO-1 is expressed at very high levels, plasma levels of TRP decrease, and the KYN/TRP ratio, a surrogate for IDO-1 activity, increases (Blaschitz et al., 2011; Schröcksnadel, Baier-Bitterlich, Dapunt, Wachter, & Fuchs, 1996) . However, free TRP is more bioavailable during pregnancy, and its nutritional value to the fetus, as an essential amino acid, must be balanced against its potential role in immunosuppression (Badawy, 2015) . The immunosuppressive effect involves reducing the availability of TRP through placental IDO to "starve" immune cells that would normally recognize fetal cells as foreign. The additional IDO-1 activation we observed by proxy in the present study in women with obesity may be deleterious for both infant and mother. Production of excessive levels of KYN catabolites such as KA and QA may cause neurochemical changes in the fetal brain that increase the risk for diseases such as schizophrenia later in life (Pershing et al., 2015) . Complications of pregnancy potentially associated with obesity-related excessive KYN metabolites include disrupted sleep (Cain & Louis, 2016) , diabetes (Agha-Jaffar, Oliver, Johnston, & Robinson, 2016) , preeclampsia (Persson, Cnattingius, Wikström, & Johansson, 2016) , and recurrent spontaneous abortions (Zong et al., 2016) .
Our findings only partially supported our hypothesis that depressed mood was related to inflammatory mediators and IDO-1 activation in pregnant women with obesity. Women with very high POMS-D scores (>20) did have significantly lower TRP levels in the present study, as authors have previously reported (Field et al., 2008; Kiryanova et al., 2016; Scrandis et al., 2008) . We also found a positive association between nitrite levels and POMS-D scores. Nitrite is a relatively stable end product of NO and plays a role in the immune process and metabolic regulation (Bogdan, 2015; Murr et al., 2002) . Nitrite level is a surrogate marker of NOS activation. Our finding is thus in line with hypotheses regarding an association of inflammation with depression, although the POMS-D is only a screening measure of depressive mood. Future studies should include measures of clinical prenatal depression.
The present study had a number of limitations. It was a cross-sectional study, so it only provides a single measure in time. We did not follow participants through their pregnancies. Thus, we were not able to exclude women with later complications such as preeclampsia from our analysis, but their data may have differed from those of women without future complications at our measurement time. The parent study provided sufficient data to address our hypotheses, but it was, nonetheless, limited. Better measures of inflammation such as inflammatory cytokines, particularly interferon-g, would have improved our ability to interpret these data. We did not have measures of all the TRP catabolites that are potentially involved in the pathways depicted in Figure 1 . We also did not have measures of a number of additional variables that could have affected TRP levels, including diet, medications, ingestion of alcoholic and common hot drinks, use of illicit drugs, exercise, and mild stressors (Badawy, 2010) . Severe malnutrition is also likely to decrease brain levels of TRP and increase levels of KYN (Honorio de Melo Martimiano et al., 2017) . We explored the potential relationship between activation of IDO-1 and depression using a measure of depressive mood that has not been well validated in pregnancy. The mood we measured could have been a transitory state. As it is a reduction in serotonin that is hypothesized to mediate this relationship, it would be ideal to explore the association between levels of this neurotransmitter and IDO-1 activation. However, because serotonin does not cross the blood-brain barrier, it is not currently possible to accurately measure it. A better measure of depression, though, would improve future research.
Conclusion
Multiple studies have noted the many deleterious effects associated with obesity in pregnancy. Women entering pregnancy at or above a BMI of 30 kg/m 2 are essentially assured of continued obesity throughout pregnancy, and our data in the present study suggest that overweight women have an increased risk of becoming obese in pregnancy and undergoing associated metabolic changes. Since our measures were cross-sectional only, we do not know the ultimate outcome of these women's weight gain during pregnancy; it is clear, however, that they were exceeding the recommended weight gain for women with obesity at the time of measurement, and it is unlikely that their weight-gain trajectory would have changed markedly. Our findings in the present study add to the literature on the pathophysiological effects of obesity in pregnancy on mothers and fetuses and the complex mechanisms underlying these effects.
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